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ASSESSMENT OF MORPHOLOGICAL INDEXES OF HIPS
WITH AND WITHOUT OSTEOARTHRITIS USING
AUTOMATED IMAGE ANALYSIS ON PLAIN RADIOGRAPHS
T. Nishii, T. Shiomi, T. Sakai, M. Takao, H. Yoshikawa, N. Sugano
Osaka Univ. Med. Sch., Osaka, Japan
Purpose: Morphological indexes on plain radiographs is regarded
as the gold standard for assessment of severity and estimation of
prognosis in hip osteoarthritis; CE angle and Sharp angle are used
as major indexes for hip dysplasia, and joint space width as a po-
tent surrogate for progression of osteoarthritis. However, accuracy
and reproducibility of manual measurements of those indexes are
limited due to difﬁculty in determination of the center of the femoral
head and delineation of bony contour. We have developed a com-
putational program which allows automatic measurement of major
morphological indexes of hip osteoarthritis. We assessed feasibil-
ity of the automated image analysis for quantitative evaluation of
normal subjects and patients with hip osteoarthritis or dysplasia.
Methods: This study included 121 hips of 64 normal subjects
who showed no osteoarthritis ﬁndings and CE angle more than
20 degrees on plain radiographs (N group) and 226 hips of
176 patients with hip osteoarthritis or hip dysplasia. In normal
subjects, average age was 61 years and there were 26 men and
38 women. In patients, average age was 55 years and there were
13 men and 163 women. According to radiological ﬁndings, hips
of the patients were classiﬁed as pre-arthritis with only dysplasia
in 74 hips (P group), early-arthritis in 93 hips (E group) and
advanced-arthritis in 59 hips (A group). First, using the custom-
made software, an operator manually identiﬁed the following 5
seed points on an anteroposterior digital radiograph; bilateral
tear drops, lateral and medial rims of the aceatabular roof, and
approximate center of the femoral head. After the exact center of
the femoral head and bony contour of the acetabular roof and the
femoral head were automatically detected by a gradient algorithm,
CE angle, Sharp angle, overall minimal joint space width (O-
mJSW), and localized mJSW (L-mJSW) of lateral/center/medial
area of the weight-bearing were calculated (Fig. 1). We evaluated
successful rate of the automatic analysis, and compared the major
morphological indexes among N,P,E,A groups.
Figure 1. CE angle (A), Sharp angle (B), L-mJSW of lateral (a)/center (b)/medial
(c) area of the weight-bearing.
Results: The software successfully completed automatic analysis
in 94/82/78/83 % cases of N/P/E/A groups, respectively. Aver-
age CE angle and Sharp angle of the N/P/E/A groups were
30.1/12.4/12.7/13.2 degrees, and 39.1/47.2/46.7/46.3 degrees, re-
spectively. Average O-mJSW of each group was 3.6mm (1.7-
5.9)/4.5mm (2.1-5.9)/3.7mm (1.8-6.3)/1.5mm (0-3.3). O-mJSW of
the P group was signiﬁcantly larger, and O-mJSW of the A group
was signiﬁcantly smaller, than O-mJSW of the N group. In the
normal hips (N group), there was signiﬁcantly positive correlation
between CE angle and age, and signiﬁcantly inverse correlation
between Sharp angle and age (p<0.05). Men and older subjects
showed signiﬁcantly larger O-mJSW than women and yonger sub-
jects, respectively (p<0.05). As compared with the center and
medial areas of the weight-bearing, the lateral area of the weight-
bearing showed signiﬁcantly larger L-mJSW in the N and P group
and signiﬁcantly smaller L-mJSW in the A group.
Conclusions: The performance of the automated software ap-
peared satisfactory with successful rate over 80% even in cases
at advanced stages of osteoarthritis. Automated measurements of
the major morphological parameters of osteoarthritis, which are
less subjective than conventional, manual methods, are consid-
ered to be feasible for population-based epidemiologic investiga-
tions and monitoring osteoarthritic progression in clinical research.
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Purpose: Prior studies of MRI biomarkers of cartilage loss in
osteoarthritis (OA) suggest that to test agents that impact this
biomarker with statistical power would require large clinical stud-
ies of 1-2 years duration. Given the need for small, shorter duration
studies, the objective of this study was to investigate the potential
of using a population with knee OA at high risk of rapid medial
tibiofemoral progression in conjunction with advance image analy-
sis to identify a biomarker that could be used in 3-6 month disease
modiﬁcation “Proof of Concept” (PoC) studies.
Methods: We conducted a multi-centre, non-randomized study
at 4 sites in the US. Eligible participants were females, with a
BMI≥25 kg/m2, with symptomatic radiographic evidence of me-
dial tibiofemoral OA (K&L grade 2-3, medial JSN≥ lateral JSN),
and varus malalignment ≥-2° (anatomic axis), and pain. Eligi-
ble participants had 4 MRI scans of one knee: 2 MRIs (1 week
apart) were acquired as a baseline with follow-up MRI at 3 and 6
months. The OAI protocol for the index knee was deployed on 3T
Siemens Trio systems. A trained operator, blind to time-point but
not subject, manually segmented the cartilage from the DESSwe
MR images using EndPoint software (Imorphics). Anatomically
corresponding regions of interest were identiﬁed on each image
by ﬁtting a bone model, and the cartilage thickness (with areas
denuded of cartilage included as having zero thickness - ThCtAB)
within each region was calculated. The % change from baseline
at 3 and 6 months was assessed using a log-scale ANOVA model
including baseline as a covariate. The primary outcome was the
change in cartilage thickness within the aspect of central medial
femoral condyle exposed within the meniscal window (w) during
articulation, neglecting (n) cartilage edges (nwcMF.ThCtAB), with
changes in other regions considered as secondary endpoints.
Results: The 29 participants had a mean age of 62 years, mean
BMI of 36 kg/m2, with 8 index knees graded as K&L =2 and 21 as
K&L=3. Anatomical mal-alignment ranged from -1.9° to 6.3°, with
mean 0.9°, where varus mal-alignment is measured in the positive
direction. With one exception, no signiﬁcant changes in cartilage
thickness (with areas denuded of cartilage included as having zero
thickness) were detected at the 5% level for any of the regions
of interest on the tibio-femoral joint at 3 or 6 months of follow-up.
The 95% conﬁdence interval for the change from baseline did not
include zero for the cartilage thickness within the meniscal window
of the lateral tibia (wLT.ThCtAB) at 6 month follow-up (-1.5%, 95%
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Figure 1. Means and 95% conﬁdence intervals for changes in cartilage thickness
over 3 & 6 months.
CI [-2.9, -0.2]), but was not signiﬁcant after correction for multiple
comparisons. The ﬁgure below depicts the mean and 95% CI
changes in cartilage thickness within the primary region of interest
(nwcMF.ThCtAB) and the corresponding lateral and tibial regions
at 3 and 6 months.
Conclusions: The small inconsistent compartment changes, and
the relatively high variabilities in cartilage thickness changes seen
over time in this study provide no additional conﬁdence for a 3 or
6 month Proof of Concept study using patient population selected
on the basis of risk for rapid progression and the MRI acquisition
and analyses techniques employed.
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CHANGES OF IRREGULARITY OF CONTOUR OF FEMORAL
CONDYLE ON MRI IN OSTEOARTHRITIC KNEES USING
DATA FROM THE OSTEOARTHRITIS INITIATIVE (OAI) -
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OF DISEASE SEVERITY-
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Purpose: Osteoarthritis of the knee joints (KOA) becomes in-
creasingly important in the aged society. Objective assessment of
disease severity would be fundamental in every aspect of KOA
research. In our previous study, we established a new method that
enables objective assessment of severity of KOA from standard
sagittal proton-weighed MRI. Newly developed software facilitated
measuring irregularity of contour of femoral condyle.
In the present study, changes of irregularity occurred over 14-
month interval were examined with the view that it might work
as possible indicator of disease progression using osteoarthritis
initiative (OAI) image data.
Methods: Data set downloaded from Osteoarthritis Initiative (OAI)
at UCSF was utilized in this study. Speciﬁcally, version 0.2.1 data
were downloaded. Knees that have two MRI examinations, i.e.,
at entry point and at follow-up of 9 to 16 months (average of
13.6 months) were selected. Among total of 200 knees available
from OAI, a quartile knees (50 knees) were randomly selected.
Other than MRI data, the WORMAC score was utilized. The OAI
provided bilateral knee image data but MESE, which was used for
the present study, were only available on right knees. So, only right
knees were examined. Calculation of irregularity of the contour of
the femoral condyle was done using software that was developed
speciﬁcally. Processes done by this software was as follows.
Firstly DICOM data was incorporated into computer. Secondly,
captured images were converted into black and white image.
Thirdly, the contour of femoral condyle was extracted and both
upper and lower surfaces of extracted contour were determined.
Lastly, parameters that are related to degree of irregularity of the
contour were automatically calculated; i.e., the ratio of the length
of upper surface and the lower and standard deviation of the
thickness of the contour (SDC). Our previous study showed these
two parameters were correlative to knee functional scores as well
as degree of pain. Three sagittal slices from the center of medial
or lateral compartment were calculated and average of three slices
becomes a compartment’s value. Severer value of the irregularity
of medial femoral condyle (MFC) or lateral femoral condyle (LFC)
becomes a knee’s value.
Statistical analysis was done with correlation coefﬁcient and Mann-
Whitney’s U analysis where p less than 0.05 were considered as
statistically signiﬁcant.
Results: 1) WOMAC score and irregularity. From the entry point
data, correlation coefﬁcients of the WOMAC score and two pa-
rameters (RUL, and SDC) were 0.239 (p=0.0945), and 0.327
(p=0.0199) respectively. Positive correlation was observed for only
SDS.
2) Correlation between Increase and Decrease of irregularity
and Increase and Decrease of WOMAC score. Comparing the
irregularity at entry point and at follow-up, average RUL in-
creased from 0.950±0.078 to 0.951±0.082, and average SDC
form 1.498±0.653 to 1.516±0.573. Correlation between changes
of irregularity (RUL or SDS) over 14 months and changes of
the WOMAC score (WOMAC) was examined. Among four pa-
rameters, only SDS was correlative with WOMAC with g=0.294
(p=0.0421).
Conclusions: In an aged society, establishing a monitoring sys-
tem for efﬁcacy of intervention for KOA is mandatory.A system that
evaluates the irregularity of contour of the femoral condyle pre-
sented in this paper (Irregularity Index system) might be effective
in monitoring objective severity of KOA because 1) SDS reﬂected
the WOMAC score, and 2) WOMAC was correlative to SDS.
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PROGRESSION OF LONGITUDINAL RADIOGRAPHIC JOINT
SPACE NARROWING AND SEMIQUANTITATIVE MRI
ASSESSMENT OF CARTILAGE LOSS IN THE MEDIAL
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Purpose: Radiographic joint space narrowing (JSN) is commonly
used to assess disease progression in tibio-femoral (TF) os-
teoarthritis (OA). Direct visualization of cartilage and non-osseous
joint tissues is only possible by magnetic resonance imaging
(MRI). Purpose of the study was to describe agreement and dis-
agreement between medial TF compartment progression over 24
months assessed by radiographic JSN and by MRI assessment
of cartilage loss using the BLOKS and WORMS semiquantitative
MRI scoring systems in a sample of knees from the Osteoarthritis
Initiative (OAI).
Methods: 50 knees of participants with frequent pain, radiographic
OA and risk for progression were studied. Baseline and 24-months
ﬁxed-ﬂexion radiographs were read paired but blinded to order by
two readers for medial TF JSN using the OARSI grades. Increases
